Background: Conflicting evidence exists regarding the effect of hypertension on the prognosis of metastatic renal cell carcinoma (mRCC) patients treated with tyrosine kinase inhibitors (TKIs). This study aimed to assess the predictive value of TKIs-induced hypertension in patients with mRCC.
Background
Renal cell carcinoma (RCC) is the 9th most common cancer in men and 14th most common cancer in women worldwide [1] . Its incidence (3-6/100,000) and mortality (1.2-2.5/100,000) are increasing rapidly, which has a great negative effect on our society [2, 3] . In addition, about 25-30% of patients have evidence of metastasis upon its diagnosis [4] . Now, vascular endothelial growth factor receptor tyrosine kinase inhibitors (TKIs), like sunitinib, pazopanib, sorafenib or axitinib, are the favored medicine for metastatic RCC (mRCC). Several clinical trials showed that response to TKIs was uncertain (objective response rate was 31-67.4%) [5] [6] [7] [8] , which indicated the existence of wide inter-individual variation and the lack of reliable factors for predicting the outcomes of mRCC patients. Therefore, a big challenge faced by urologists is how to predict the prognosis of mRCC patients receiving TKIs more precisely.
The occurrence of several adverse events (AEs) during TKIs therapy, such as hypertension, hand-foot syndrome or hypothyroidism, were shown to be correlated with the longer median progression-free survival (PFS) and overall survival (OS) of mRCC patients [9] . Hypertension during TKIs therapy was very common, with incidence ranging from 22 to 81% [9, 10] . Recently, a study found that RCC patients with longer median PFS (>5.3 months) demonstrated a significantly higher incidence of high-grade hypertension (a treatment-associated adverse event) than those with shorter PFS [11] . It indicated that TKIs-induced hypertension may be associated with improved prognosis [12, 13] . However, others reported insignificant results [14, 15] . In 2014, a systematic review and meta-analysis reported that the occurrence of hypertension due to sorafenib therapy may be associated with improved prognosis of patients with cancer. However, this study did not specifically focus on the mRCC patients. Thus, the association between TKIsinduced hypertension and prognosis of mRCC is still controversial. In the present study, we attempt to conduct a systematic review and meta-analysis to assess the predictive value of the TKIs-induced hypertension for PFS and OS in patients with mRCC during TKIs therapy.
Methods

Data sources and literature search strategy
We conducted this meta-analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement. This study was registered in PROSPERO (CRD42019129593). A literature search was performed in the following databases: PubMed, Embase, Web of Science and the Cochrane Library database. The latest search was performed on March 21, 2019. The search keywords were (renal cell carcinoma) AND [(tyrosine kinase inhibitor) OR sunitinib OR axitinib OR sorafenib OR pazopanib] AND [hypertension OR (blood pressure). The resulted literatures were further scanned by Endnote X7 (Thomson Corporation, Canada) to exclude duplications followed by title and abstract screening. In addition, we manually searched the references of the literatures for additional eligible studies.
Inclusion and exclusion criteria
Studies were included in our meta-analysis if the following criteria were met: 1) mRCC patients were treated with TKIs; 2) studies compared Hazard Ratios (HR) between patients with or without TKIs-induced hypertension for PFS or OS.
Studies were excluded based on the following criteria: 1) reviews, meta-analysis, letters, comments, case reports or conference abstracts; 2) duplicated studies and repeated analysis; 3) studies lacking sufficient data for HR and their 95% confidence intervals (CI); 4) studies included mRCC patients received different therapeutic regimen, such as TKIs or radiotherapy.
Quality of original studies
We assessed the quality of the 22 included studies using the Newcastle-Ottawa Scale (NOS). The total score was 9 stars. Studies awarded 7-9 stars were rated as high-quality, 5-6 stars as moderate-quality, and < 5 stars as low-quality.
Data extraction
Eligible studies were read thoroughly and carefully to extract the following information, including first author, year, region, sample size, male/female ratio, mean age, histology, number of disease sites, prior nephrectomy, Memorial Sloan Kettering Cancer Center (MSKCC) score, Eastern Cooperative Oncology Group performance status (ECOG PS) score, definition of hypertension, type of analysis (univariate or multivariate), study design (prospective or retrospective), type of TKIs. The primary outcome was HR and 95% CI between patients with or without hypertension for PFS and secondary one for OS. The definition of PFS was time from initiation of TKIs therapy to disease progression or death. OS was defined as time from initiation of TKIs therapy to death. If a study provided both univariate and multivariate analysis results, the multivariate analysis would be selected to achieve higher accuracy. Any discrepancies were resolved by discussion with the third reviewer.
Data synthesis and statistical analysis
Data were extracted and analyzed with Stata 15.0 software (Stata Corporation, College Station, TX, USA). P value< 0.05 was considered statistically significant. A merged HR greater than 1 indicated a poorer prognosis for mRCC patients. Heterogeneity was assessed using the I 2 . We considered I 2 > 50% as an indicator of substantial heterogeneity. A random effects model and a fixed effects model were applied for I 2 >50% and I 2 <50%, respectively. Then, to determine which factors may contribute to heterogeneity, univariate and multivariate meta-regression analysis were performed. The possible factors were year, sample size, gender, mean age, country, ECOG PS, MSKCC score, histology, prior nephrectomy, Number of disease sites, type of analysis (univariate, multivariate), study design (retrospective, prospective), type of TKIs. Then, subgroup analysis was performed to investigate whether different sample size could explain the heterogeneity and whether relationship between hypertension and PFS or OS still exist in different TKIs subgroups. Factor with P value < 0.05 meant that it may be the source of heterogeneity. We did sensitivity analysis to find if some original studies may mainly contribute to the heterogeneity. Publication bias was assessed with funnel plots and precisely assessed by Egger's and Begg's tests.
Quality of evidence
The quality of evidence of the predictive effect of TKIsinduced hypertension for the outcomes in mRCC patients Motzer (a) [20] 2013 the USA Zhang (a) [26] Goldstein (c) [14] was assessed according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) [16] .
Results
Study selection
The searching process is shown in Additional file 1: Figure S1 . A total of 982 studies were searched in the database. We excluded 345 duplicated articles. After screening title and abstract, 26 relevant studies were identified. In addition, three relevant studies were obtained from the references and seven articles were excluded due to lack of HR and 95% CI for PFS or OS. Finally, 22 studies were selected for the metaanalysis.
Study characteristics and quality
The baseline characteristics of these studies were demonstrated in Table 1 . All the studies were published between 2011 and 2017. Of them, 3 were prospective and 19were retrospective. The sample size ranged from 28 to 770 patients. The total number of included patients was 4661 and hypertension occurred in 2932 (62.9%). The male/female ratio included in each study ranged from 1.4 to 3.5%, and the median age of the study patients was between 54 years and 66 years. The histology of most RCC is clear cell (61-100%). Most patients had received nephrectomy, cytokine therapy, targeted therapy or radiation therapy. Among the 22 studies providing HR, four reported univariate HR, which did not adjust for the potential confounding factors. The standard of hypertension or BP increasement during TKIs therapy varied between studies, including systolic blood pressure (SBP) ≥140/135 mmHg, diastolic blood pressure (DBP) ≥90/85 mmHg, mean arterial blood pressure (MAP) > 110 mmHg, an increase in BP (SBP, DBP, MAP) > 10/15 mmHg from baseline, or grades of hypertension according to National Cancer Institute Common Terminology Criteria for Adverse Events Version 3.0 or 4.0 [34, 35] . The quality of the studies varied from a NOS score of 6 to 9, most of which were high-quality (Table 2) . 
The data were not available in this study 
Meta-regression analysis
Univariate meta-regression analysis was performed for PFS and results were showed in Table 3 . Among the variables above mentioned, only sample size (Adjusted R 2 = 27.34%, P = 0.019) might contribute to the inter-study heterogeneity, while others did not (P = 0.052-0.942).
Multivariate meta-regression analysis revealed that P value of sample size changed to 0.025. The overall adjusted R 2 was 74.84% (P = 0.239), which meant that all these factors together could account for 74.84% of heterogeneity.
Subgroup analysis
Subgroup analysis for PFS revealed that sample size could not change the subgroup heterogeneity significantly (I 2 = 72.1 and 75%) ( Table 3 
Sensitivity analysis
As shown in Fig. 3 , study of "Szmit", "Motzer (a)" and "Donskov" could affect the heterogeneity for PFS. We excluded these studies and found that I 2 decreased to 44.6% (P = 0.03), with pooled HR = 0.665 (0.579-0.764, P = 0.025). Then, we reviewed these studies carefully to find something they had in common. Interestingly, most of the mRCC patients in these three studies had failed one previous cytokine immunotherapy. Maybe it was the reason for high heterogeneity.
Publication bias
We assessed the publication bias with funnel plot and Egger's and Begg's tests (Fig. 4) . The shape of funnel plots was not symmetric. The Egger's and Begg's tests were further performed. The results indicated significant publication bias for studies, with merged PFS (Begg's test, P = 0.015; Egger's test, P = 0.028) and merged OS (Begg's test, P = 0.026; Egger's test, P = 0.085).
Evaluation of the quality of evidence according to GRADE system
The assessment of the quality of evidence was performed for PFS and OS which were critical in evaluating the outcome of mRCC patients. The quality of evidence of PFS and OS was both "very low" due to retrospective studies, publication bias and high heterogeneity (Table 4) .
Discussion
This meta-analysis and systematic review investigated whether TKIs-induced hypertension can predict the prognosis of patients suffering from mRCC. AEs, like hypothyroidism, though shown to be a good predictor of PFS or OS, was usually diagnosed later than hypertension [17, 36] . Thus, it would be better if we can predict the prognosis of mRCC patients based on the TKIs-induced hypertension. It will help urologists decide whether patients should continue this TKIs therapy or not, which may help patients get more suitable treatments as soon as possible. Based on 22 original studies, our results showed that the occurrence of hypertension during treatment may predict better survival for mRCC, with longer PFS and OS. Additionally, when it comes to different TKIs, sunitinib or pazopanib therapy were both associated with longer PFS and OS.
The mechanisms of hypertension induced by TKIs are complicated. First, activation of VEGF receptor-2 via No. number, HR hazard ratio, PFS progression-free survival, ECOG PS Eastern Cooperative Oncology Group performance status, MSKCC score Memorial Sloan Kettering Cancer Center score phosphoinositide 3-kinase and its downstream serine protein kinase Akt can stimulate endothelium-derived nitric oxide synthase, leading to the production of nitric oxide (NO). Therefore, the inhibition of VEGF receptor might lead to a decrease in NO bioavailability, followed by vasoconstriction and increased blood pressure (BP) [17, [37] [38] [39] . Second, plasma vasoconstrictor endothelin-1, a vasoconstrictor produced by the endothelium, also increased in patients or rats receiving sunitinib [40] [41] [42] . Third, NO is also involved in the control of renal and glomerular hemodynamics, tubuloglomerular feedback response, release of renin and sympathetic transmitters, tubular ion transport. As a result, reduction of NO can also result in renal water and sodium retention, leading to hypertension [43] . TKIs may also directly cause renal injury and proteinuria, which could play a role in longlasting hypertension [44] . Finally, hypertension may also result from structural or functional vascular rarefaction [45] [46] [47] . VEGF is also crucial in the maintenance of endothelial viability [48, 49] . Therefore, the inhibition of VEGF and PDGF receptors can induce endothelial cell apoptosis, reduction in capillary density, vascular diameter and microvascular flow, and thus increase the blood pressure.
The reason why TKIs-induced hypertension might be a prognostic factor in patients with mRCC is still The shape of funnel plots was not symmetric. The Egger's and Begg's tests were further performed. The results indicated significant publication bias for studies, with merged PFS (Begg's test, P = 0.015; Egger's test, P = 0.028). 3 The shape of funnel plots was not symmetric. The Egger's and Begg's tests were further performed. The results indicated significant publication bias for studies, with merged OS (Begg's test, P = 0.026; Egger's test, P = 0.085) not quite clear. The anticarcinogenic effect of TKIs relies on the block of VEGF receptor, which may also lead to hypertension as above mentioned. Thus, when TKIs inhibit the progress of mRCC and prolong the PFS or OS of patients, hypertension may occur at the same time. It may be the reason why the rise of blood pressure could indicate a better prognosis in mRCC patients. Of note, the intention of therapy is not to drive all patients into a hypertensive state. On the contrary, when hypertension occurs, patients should receive antihypertensive therapy as soon as possible. Additionally, despite the PFS and OS of mRCC patients have prolonged because of TKIs therapy, few comparable benefits have been described in terms of the quality of life [50, 51] . An innovative study that compared sunitinib with pazopanib to evaluate patient preferences suggested that the toxicity profile may have an impact on quality of life and the choice of treatment when two comparable options are on offer [52] . In addition, sunitinib-induced hypertension may be associated with cardiotoxicity or reversible posterior leukoencephalopathy [53] [54] [55] . Thus, the panel of National Cancer Institute of the USA had several recommendations for mRCC patients received TKIs [56] . First, urologists should recognize the preexisting hypertension prior to therapy or actively monitor BP throughout treatment. Early use of antihypertensive medication is necessary when high blood pressure occurs, and it is critical for maintaining dose intensity and improving a patient's quality of life simultaneously [56] . If possible, the goal of management is to reduce BP below 140/90 mmHg. It was also suggested that there was no need to reduce the dose of antihypertensive medication because it did not compromise efficacy of TKIs [57] . Some evidence indicated that using Angiotensin receptor blockers (ARBs) or angiotensin-I-converting enzyme inhibitors may even protect against cancer [58] [59] [60] . ARBs were shown to induce apoptosis and inhibit the proliferation of RCC cells in vitro [28] . Thus, some randomized prospective studies could be carried out to see if it is better to use more than one drugs with different antihypertensive mechanisms, which may improve the prognosis [12] . Second, doctors should assess the risk of potential cardiovascular complications.
Several underlying limitations of the study should be presented. First, most eligible studies were retrospective, though with high NOS scores. Second, the reciprocal correlation between the hypertension and other AEs should be noted. Patients with more than one adverse event of any grade had longer PFS and OS [61] . Thus, further studies are needed to analyze the relationship between several adverse events and mRCC. Third, obvious inter-study heterogeneity was observed in this meta analysis, which may be due to different therapies mRCC patients had received before, such as cytokine immunotherapy. In addition, a publication bias was detected in this study. The potential reason may be that studies with non-significant results were not published. High heterogeneity and publication bias weakened the quality of evidence, which may be improved by more randomized prospective trials.
However, our analysis also has some advantages. First, we conducted this review with enough data available for extraction by a comprehensive and robust search strategy. Second, we applied a rigorous inclusion/exclusion criterion. Additionally, most of the studies operated multivariable analysis, which could eliminate the co-factors affecting the PFS and OS of mRCC patients.
Conclusions
In summary, our analysis of currently available clinical evidence suggests that TKIs-induced hypertension may predict longer PFS and OS in patients with mRCC during TKIs therapy, especially using sunitinib or pazopanib.
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